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"THE RECOVERY OP AMMONIA
FROM
NITROGENOUS WASTE.
Introduction.
The growth of science has perhaps been one of the more
potent factors in benefiting and influencing mankind than any other
agency. Through its many manifestations and adaptations we have come
to look upon science as a necessity to human existence. Nowhere do
we turn our vision or thought without being confronted with the re-
sult of marvelous scientific inquiry. It i3 especially true in the
commercial and industrial world that these results receive the most
prominent recognition.
"Science", says Mond, "tells us how very far we are
from attaining our industrial aims with anything approaching the
theoretical expenditure of force. Science also tells us in what
direction we may look forward to arriving at improvements."
If we ask ourselves to which particular branch of
science is attributed the greatest advances, the answer is, by univer-
sal acquiescence, the Science of Chemistry. No longer do we look upon
coal tar, a by-product in the manufacture of illuminating gas and coke,
as an unavoidable evil, but as a very acceptable and valuable article.
It is a source from which the chemist manufactures hundreds of
articles which are of inexpressable benefit to mankind, and yet about
fifty years ago it was a difficult task to give this stuff, this by-
product, away. The artificial dye alizarin, whose natural source was
the madder-root, is now produced from the coal-tar with the result tha
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it is a saving to the world of about twenty million dollars annually.
An equal or perhaps greater emphasis can be laid
ipon the value of by-products or waste products, as they are often
sonsidered, of the packing house industry. It has not been many years
ago when it was considered that if sixty percent of the beef was
utilized, the ecomony was excellent. At the present time, however,
we are loath to accept an ecomony of this kind, but push our investi-
gation to every corner of the beef with the result that the beef is
economically utilized from the tips of the horn to the tip of the
tail. It may be stated here that a large share of the profits of this
industry is the direct result in an econiraical utilization of these
so-called by-products.
The exemplification of the importance of waste materials
could indeed be further discussed, but let it be sufficient to state
that in connection with most ^every industry of any importance, a
corps of competent investigators %a constantly employed to look
after an efficient economical operation of manufacture.
It has come to our notice that there is a very general
and abundant supply of leather waste or scrap that could be utilized
to a very good advantage if a cheap, practicable process could be
discovered for the recovery of the nitrogen therefrom, in the form of
ammonia or its salts. %f this could be accomplished it would at once
furnish a new and abundant supply of ammonia, whose source at present
depends upon the coal tar industry.
It is therefore, the object of this investigation
to ascertain the conditions of time, temperature and atmosphere,
ifhich are necessary for the destructive distillation of leather scrap
(
Ln order to obtain the greatest yield of nitrogen from this material
kn the form of ammonia or its salts.

<-« •
Historial
.
No doubt there has been a great deal of experimenting
along the line of work which we are about to take up; but any
information which may lead to a practical working of such a process
has been so carefully guarded that scarcely any literature on a de-
tailed process or the yield is obtainable.
The introduction of coal gas for illumination gave us a
considerable and constantly increasing supply of ammonia as a by-
product of the gas manufacture, and until recently all practical
efforts to increase our supply of ammonia were directed toward utiliz
ing in the best possible manner the ammonia so obtained.
In olden times, says Mond, ammonia was chiefly obtained
by the distillation of refuse animal matter. These yields, however,
ft
were small and the products therefore very expensive.
Later^ methods were employed to recover the ammonia by
destructive distillation of nitrogenous animal substances as, hair,
horn, hoofs, etc. We are, however, unable to learn the exact details
by which these processes were operated otherwise than that they were
dry distillation carried out in cylinders or retorts of iron or other
material. In most instances, the retorts containing the material
were simply haatod and the evolved gases containing the ammonia
were conducted into acid solution from which the ammonia was obtained
by the addition of lime and distilling. No information concerning
the yields is, given.
Young and Beilby^ describe a process by which coal dross
shale, peat, or other combustible substances reduced to a fine state
of division, are injected into highly heated chambers or retorts
L .
wherein it is suspended and consumed in an atmosphere of steam, or
of steam and air, with the production of heating gase rich in
ammonia. This gas, as it leaves the chambers in which it was formed,
has associated with it a considerable amount of undecomposed steam.
These gases are then brought into contact with sulphuric solution
where the ammonia is absorbed.
4 «
H Techauer states that 13 to 14 percent of the nitrogen
in coal is obtained as ammonia. When the coke is treated at 800°—
900°c with steam as much as 85 percent of the nitrogen can be obtained
as ammonia."
Wanklyn ""says that the production of ammonia from the
destructive distillation of coal can be increased several pounds per
ton of coal carbonized, if lime is added to the coal before it is
distilled. "
P. E. R. Besemfelder describes a process for
production of ammonia and other products from the waste lyes of beet-
sugar factories. These are concentrated and mixed with bauxite or
alumina and coke. This mixture is then conveyed into a series of
retorts where the gases are evolved* The gases are then passed into
"decomposition retorts" which are charged with alkaline earth oxides
and alumina. Here the gases are decomposed with the formation of
hydrocarbons and ammonia.
7 »
J. Effront describes a process by which distillery
residues such as grains are heated with sodium bisulphate and then
heated in a closed vessel to a temperature of 180°-200°C» a current
of hot air being meanwhile passed thru the vessel. The vapors are
condensed. About 50 percent of the total nitorgen is thus obtained
in the distillate in the form of ammonium salts. The dry powder is
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then heated in a furnace to a temperature of 700°C in a current of
superheated steam and air. The distillate contains the remainder
of ammonia together with the methyl alcohol. Beet root and molasses
residues are treated practically in the same way.
C. Preper^states "that the customary processes of treat-
ing nitrogenous matter for obtaining ammonia consists in successive
drying, destructive distillation, and in steaming the coke produced."
This steaming process is stated to require a temperature of over
500°C. No figures relating to the yields obtained are given.
J, C. Butterfield describes a process where by \he
dried sludge or other waste organic matters are introduced into a
retort and subjected to the action of steam and heat. The organic
matter is decomposed into gaseous and oily products, which are re-
covered in the usual manner, whilst the residue is converted into
ammonia. The retort is so heated that the carbonaceous matter is
decomposed by the steam. n
1
R. Schilling and 0. Kremer outline a process by which
ammonia may be obtained from sewage waters of towns, and similar
liquids. "The clarified waters are led on to layers of coke, slag,
or the like contained in closed receptacles, and after remaining
some time are removed, and hot gases passed thru the layers of coke,
etc. After these are well heated, the entrance of gases is stopped
and the fillers are again filled for renewal of the process. The
gases are led away to be treated for the recovery of the ammonia.
Gazzolo
1
conducted experiments on the destructive
distillation of hair, A summary of his results are as follows
the amount of available ammonia, when the material is subjected to
dry distillation and surrounded with air only, is on the average of
6.82 percent (the original amount in the hair being 17 percent)

6The amount given off varied from 3.06 to 8.2 percent, which seemed
to depend on the amount of heat and time. The former was for 12
minutes of very high heating; the latter for 60 minutes of from
gradual low to a high red. Bases, as lime and magnesia, were
mixed with the material but with very unsatisfactory results. The
amount of ammonia given off was in every case "below 3.9 percent.
A carbon dioxide atmosphere was tried with equally low results.
A hydrogen atmosphere gave low results, averaging 7 percent.
Illuminating gas gave the same results as hydrogen. Live steam
passed thru the retort while the distillation was going on —
gave from 10 to 11 percent. Mixing the material with sodium
chloride and distilling in an atmosphere of steam gave no better
results than steam alone. An atmosphere of chjorine and steam did
not increase the yield above that of steam alone."
1
Mond says. Already, as far back as 1861, I undertook
experiments to utilize, for the production of ammonia, waste leather,
a waste material of animal origan at once abundant and very rich in
nitrogen, containing from 12 percent to 15 percent of this element.
Distillation in iron retorts yielded about half the nitrogen of
this material in the form of ammonia, the carbon remaining in the
retorts containing still from 6 to 8 percent. Distillation with
a moderate quanity of hydrate of lime increased the yield of
ammonia only by 1 to 1 1/2 percent. A rather better result was ob-
tained by distilling the ground residual carbon with hydrate of
lime, but this operation proceeded very slowly and the total yield
of ammonia still remainded very far below the quanity theoretically
obtainable. H

7We "believe experience has taught that in order to have
any practical significance a process for the production of ammonia
from nitrogenous substances should depend upon distillations of
some kind. For this purpose we attempted to employ forms of
apparatus which would he adapted for practical purposes.
Our first experiments were conduced in small iron retorts
each of which had a capacity of about lOOcc. The covers for the
same were supplied with clamps or fasteners by means of which they
could be firmly held to the bottom of the crucible. Asbestos
rings were used between the cover and the crucible so that an air
tight joint was obtained. Each cover contained two openings, one
for the inflow of the gases and the other for the out flow. One
opening contained a brass pipe of 1/8 inch inside diameter, leading
to v/ithin 1/4 of an inch from the bottom of the crucible. The
other opening contained a similar pipe extending only a short
distance thru the cover. By means of extensions of these openings
above the cover horizontal brass tubes could be connected so that
by means of a coupling any number of crucibles could be connected
together. Any of the openings on the top of the crucibles could
be closed by simply unscrewing the horizontal pipe and inserting
a thumb-screw in its place. The retorts were connected in the
following manner. In retort ,/l, which was to contain the substance
under investigation, the opening leading to the oottom of the
crucible was closed in the manner stated above. The opening which
extended thru the cover a short distance was connected, by means of
pipes and couplings, to the .port of retort i'E which lead to the
bottom of the crucible. The opening which just extended thru the
cover of retort $Z was connected to the acid flasks. In this

8manner the gases evolved in retort #1 passed out of the open port
at the top into the brass pipes and then down to the bottom of re-
tort #2, then up thru any substance which might be placed in the
retort and from there out thru the pipes leading to the acid flasks.
We might also state at this time our method for ob-
taining the ammonia from the gases. The distillate evolved from the
leather was conducted into one end of a series of two 200 co flasks,
each containing 50 co of a dilute H^SO^ solution. After passing thru
the acid solution in the flasks, the gases were led into a gas holder.
After the experiments were completed, the acid solution containing
the ammonium sulphate were transferred to an 800 cc Kjeldahl flask
and 50 cc of Na0H sol added to make the solution 3trongly alkaline.
The ammonia was distilled by means of the ordinary Kjeldahl apparatus
and run into NH2SO4 from which the amount of NH* was determined by
titration.
The leather 3crap which we used in this investigation
was obtained from a local harness shop. A sufficient quanity was
prepared by grinding in a feed mill.
An analysis of the leather by the Kjeldahl process
showed 7.62^ nitrogen.

9BX&EHIMEUT 1.
One gram of the prepared sample of leather was placed
in retort number one. Retort #2 contained coke passing- a twenty
mesh sieve. Both retorts were heated with gas flames, number tv/o
"being at a red heat at the start, while number one was her ted "by
gradual degrees until at a full red hect. The gases as they were
evolved from the leather were conducted first thru the retort con-
taining the coke and from thence thru the acid solutions from which
they were led into a gas holder. Our idea in passing the gases
thru the heated coke was to reduce any oxygen compounds present and
thus have the nitrogenous gases in a reducing atmosphere. Also,
by slowly heating the retort containing the sample it was thought
the possibility of forming free nitrogen would be diminished.
Time 60 min.
Temp, (approximate) 800 degrees
i, itrogen collected as NH3 .0235 gm.
Percentage of the total nitrogen 30.90$
In order to be more certain as to whether the presence of
the coke really had any such effect as we previously supposed.it was
thought advisable to continue the experiment in the same manner
except that retort number tv/o contained no coke.
Time 60 min.
Temp, (approximate) 800 degrees.
iiitrogen collected as IIH3 .0243 gm.
Percentage of total nitrogen 32.10^
The foregoing experiments tend to show that about one-
third of the total nitrogen in the leather is gi ven off as
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ammonia by means of dry distillation in an atmosphere of the
evolved gases only. These experiments, however, are not thoroughly
reliable on account of small leakages of the gases which occurred
during the changes of the temperatures of the retorts. This
leakage occurred around the asbestos packing between the cover
and the crucible of the retort. After considerable effort to
remedy this defect, which we found impossible to do, we decided
to abandon this type of apparatus and to employ one which might
be expected to furnish more reliable results. For further in-
vestigation of this subject it was thought advisable to use an
ordinary combustion furnace and a jena glass tube. A glass tube
one meter long and having an inside diameter of one and one-half
centimeters was used. The manipulation of this type of apparatus
was carried out as is usual in making the ordinary combustion
except that the gases passed over the sample were steam, hydrogen
or in some instances no gas at all. Also in place of the copper
oxide, etc., of the usual combustion tube. we used different
substances. The part of the tube containing these substances was,
in all cases, heated to redness before the sample was put in. The
remaining part of the tube with the exception of three or four
inches from the front end was not he; ted until the sample was put
in and all necessary connections, etc., were made. The heating of
that portion of the tube which contained the sample was gradually
increased until the highest possible temperature was reached. The
gases were conducted into dilute HgS 04 solution as in the former
distillations.
Several experiments were nov/ conducted with this type
of apparatus in which the conditions, to which the products of
distillation were subjected, were varied. The final temperatures
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o
were in all cases approximately 600 o.
In experiment three the leather was subjected to dry
distillation no other gases being present besides those evolved
from the leather during the rise of temperature. Also the gases
oame in contact with no foreign substance except the glass tube.
T^e front end of the tube was closed by turning the stop-cock of
the inlet tube. By way of explanation we might also state here
that stoppers made of asbestos fiber and water-glass were used on
account of the decomposition of both rubber and cork stoppers as
was manifested in preliminary experiments. After the burners had
been turned on fully and no further evolution of gases from the
sample took place, steam, generated from heating water (UH3 free)
the
in a flask, was passed thru combustion tube in order to wash out
any remair, xng gases.
Time 30 min.
Temp. 600 degrees c
Uitrogen collected as Ammonia . .0297 gm.
Percentage of total nitrogen 25.65$.
EXPERIMENT 4.
This experiment was conducted similar to the previous
one except that steam was passed thru the tube as soon as the
sample was put in.
Time 30 min.
Temp. 600 degrees c
II. collected as IIH3 .0329 gm.
Percentage of total K 43.40$.
As to what part steam might fulfil in this case we are at present
unable to say, but that it is a necessary adjunct may be concluded
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from the above results. It might be stated, however, that a
hydrolytic action takes place which the following equation would
represent if the nitrogen present in the leather was in the form
of arnino-compounds
.
HHHg + H.OH = ROH + EH3 .
EXPERIMENT 5.
Hydrogen gas, generated in a Kipp apparatus, was passed
thru the tube as soon as the sample was put in.
TIKE 30 min.
Temp. 600 degrees c
IT collected as KH3 .0255
Percentage of total II 35.50
As is seen from the results this experiment would indi-
cate that the effect of the strong reducing atmosphere has but
little influence on the yield of NH^. We do obtain, however,
7.85^ more of the total nitrogen as 1JH3 than we do by passing no
gas thru the tube, and, by comparing the results with those of
experiment 4 it is found that with an atmosphere of hydrogen about
10fo less of the total nitrogen is obtained as M3 than with an
atmosphere of steam.
EXPERIMENT 6.
Two feet of iron wire were placed in the back part of the
tube and hydrogen gas was passed in from the front end as soon as
the sample was admitted. The presence of moisture on heated iron
has the effect of producing a coating of Fe- O4 on its surface.
Several investigators^haveshown that by passing mixtures of nitro
and hydrogen over Fe3 O4 small quanities of Ammonia are formed
.
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If such a reaction does occur we thot that by passing the nitrogenous
gases over such a substance there would be less tendency for free
nitrogen to be formed. Our results seem to show that some reaction
of this sor . may take place.
Time 45 min.
Temp. 600 degrees c.
H collected as ffi^ ~ .0405 gm.
Percentage of total H 53.20$.
Residue (carbon) £4.80$ of total
nitrogen.
EXPERIMENT 7.
We did not know but what the H2SO4 soluti n thru which
the gases were conducted might not have some tendency to reduce
those nitrogenous gases which came in contact with it so that th::
solution was replaced by one of dilute HCL, otherwise the expert nent
is the same <s the previous one.
Time 45 min.
Temp. 500 degrees c
H collected as 11% .0382 gm.
Percentage of total H 50.25$.
Residue (carbon) 26.40$ of total II.
The results are practically the same as those of the previous
experiment. The difference in the total nitrogen obtained as IIH3
is accountable for, by the fact that more nitrogen remained in the
residue of the present experiment.
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EXPERIMENT 8.
The gases were subjected to an atmosphere of steam in
the presence of Fe3 O4 otherwise the test was similar to the
previous one.
Time 45 min.
Temp. 600 degrees c.
U collected as HH2 .0396 gm.
Percentage of total II 52^.
Residue (carbon) 24.38$ of total
nitrogen.
These results, however, do not differ a great deal from
those of experiments six and seven in which an atmosphere of
hydrogen was used, so that we are as yet undecided as to the effect
of the atmosphere to which the gases are subjected.
In the following series of experiments the gases evolved
from the sample, together with a continuous supply of steam from
without, were passed over heated coke. The purpose of this was to
have the gases, as they are given off from the leather, present
with nascent hydrogen formed by the action of the steam and coke.
Blank determinations were made in each of the following cases.
Expt no. Time Temp. ITitrogen Percentage Residue
as NH3 of total N. % of total IT
9 30 min. 600°c
(Approx.) .0292 gm 38.35 35.00
10 45 " " .0327 " 43.22 28.78
11 60 " " .0548 " 61.80 20.60
From the results of
. experiments 9, 10, and 11 it is evident that
distillations with steam in the presence of carbon give the highest
yield of ammonia. It is also noticed that the time is a controlling
factor. As to the temperatur es we were at present unable to note
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its influence only in a general way. The nitrogen content of the
residue is perhaps dependent upon the temperature and also the
atmosphere. These two factors time and temperaturem seem to be
very important when a combination atmosphere of steam and nascent
hydrogen is employed. The function of steam is to decompose the
carbonaceous residue, after the volatile matter has been expelled,
and also to produce a reducing atmosphere, by the action of the steam
on coke, to which the gases are subjected after leaving the leather.
In experiments 9 and 10 it is noticed that the yield of ammonia is
somewhat less than in previous experiments with an atmosphere of steam.
The only way in which it seems possible to account for this, is that
the temperature may have slightly different than in these former
experiments.
In the foregoing experiments we have been able to study
the effects of leather distillation from several standpoints. Thus,
by means of the glass tube the material could simply be heated and
the evolved gases were under the influence of no other substances
than the gases themselves, also by subjecting the products of dis-
tillation to the action of different substances and atmospheres were
able to note any general effect.
It seems to have been established in these preliminary
experiments that iron has no detrimental effect on the yield of
ammonia. In order, therefore, to further study the controlling in-
influences, we thought it advisable to replace the glass tube with
-
one of black iron. By this modification we were able to attain a
greater range of temperatures and it also allowed measurements of
temperatures within the tube.
A series of experiments was now performed in which we
,_ _—
.
.. .. ._
ft 7
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conducted the gases in an atmosphere of 9team over heated coke.
A pyrometer couple was placed in the center of the coke and about
half way between the sample and the rear end of the table. The end of
the tube containing the coke was always heated before the sample was
inserted. After the sample was placed in the tube and the steam
turned on, the burners under that part of the tube which contained
the sample were lighted, the flames being kept very low at the be-
ginning abd then gradually increased until they were burning at their
full capacity. The temperature of the carbon was maintained as nearly
possible at 800°0 as it was found by preliminary tests that the steam
was not all decomposed at this heat and that considerable quanities
passed thru unchanged. Our object in maintaining the carbon at this
temperature was to have the reducing atmosphere in the presence of
steam. The results of the experiments under these conditions are
given in the following table.
9£
Expt no. Time II as HHr
17
si% of total II
as UH2
Residue
# of total II.
IS 15 min. .0441 gm. 47 .80 15. 69.
13 16 " .0342 " 44.90 13. 53.
14 18 ,T .0536 " 40.35 20.05.
15 20 " .0460 " 60.60 12
.
J 6
.
16 20 " .0462 " 60. 70 12. 45.
17 21 " .0496 " 64. 90 19. 48.
18 30 " .0022 " 61 50 none (ash)
19 30 " .0613 " eo-40 none fash)
20 35 " .0590 " 77.50 none fash)
From the above table it is evident that the yield of
ammonia is dependent upon the atmosphere to which the gases are
subjected after their liberation from the leather also that the
sample should be heated gradually for a period of at least thirty
minutes. The residues do not, however, give very consistent results,
but we may account for this from the fact that the temperature at
that part of the tube where the sample was placed might have been
higher or lower than the temperature where the pyrometer couple
was., and that the slight changes or variations might have caused the
sample to decompose more or less thru the action of the steam. In
experiments 18, 19, and 20 a blast lamp was placed directly under
part of the tube where the sample was placed, thus, we were able
o oto reach a temperature of 900 -950 c at that point. This accounts
for the entire decomx osition of the carbonaceous matter of the
leather, the ash of which contained no nitrogen.
Several experiments were now carried out similar to the
foregoing except that the temperature of the carbon was varied.

18
Expt. No, Time Terap center Temp tube N as NH* % total Residue
of coke at sample N as NH3
(approx) w ash
21 - 45 min- 530-560 - 900-950 - .0528 gra- 69.25- no nitrogen
22 45 * 672-695 900-950 .0478 " 62.80 " M
23 37 " 730-750 900-950 .0528 * 69.25 » * "
24 35 " 640-670 900-950 .9548 " 71.80 " w "
Very little of the steam was decomposed in any of the
above distillations so that our results represent distillations with
steam and possible any catalytic action the coke might exercise.
The next experiments were performed to ascertain the
effects of the temperatures at the sample and that part of the tube
thru which the gas passed after their liberation. For this purpose
the pyrometer couple was placed as near as possible to the sample.
?he temperatures of that part of the tube thru which the gases passed
after leaving the sample were only approximate.
5xpt No. Time Temp of tube. Temp at GM N fo of total Residue.
sample N
23a 45 400-500 360-960 .0523 68.60 ash
24a 45 700-750 350-900 .0495 65.20 "
25a 45 800 350-930 .0536 70.30 M
26a 45 800 370-952 .0572 75.30 "
27a 55 800 515-960 .0594 77.90 "
28a 55 800 500-950 .0604 79.20 "
The results of the above experiments seem to show that
the red hot tube might have some effect on the yield of ammonia.
Such an effect has been frequently pointed out in the synthesis of
organic compounds. However, we are more inclined to believe that
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the higher yields of ammonia are due to the action of the super-
heated steam and possibly the strong reducing atmosphere produced
by the decomposition of part of the steam and coke. Therefore, in
order to be more certain as to whether the higher yields were due
to the strong reducing atmosphere, or any catalytic action due to
the coke, or, whether they were the result of the action of super-
heated steam on the leather and the gases, we thought it advisable
to perform experiments without the coke. The results of thes9
experiments which were conducted in a similar manner to those in
which coke was used, are given in the following table.
Expt. No. Time
29
30
31
32
34
35
36
45 Min
Temp of
the tube
550° C
565
650
680
750
740
800
805
Temp of tube
at the sample
900-950°C
fo of total
N as NH;*
63.40
64.20
66.20
64.00
70.08
70.25
76.20
78.00
The results seem to agree fairly well with those of the
former experiments in which coke was placed in one end of the tube.
The yields are, however, somewhat lower but we believe it may be
included that the coke has but a small influence in the distillations,
The small variations in the results of duplicate experiments we be-
lieve are due to condensation of the oils, etc., in the pipe leading
from the tube to the absorption flasks. These condensations were
very difficult to remove entirely and the only method which we
1 *%
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found efficient to remove the last traces of ammonia was by heating
the pipe with a blast lamp and then passing a current of air thru it.
We again modified our apparatus somewhat in order that
a larger amount of leather could be distilled. We thought if any
errors had been made in the previous experiments they would be con-
siderable diminished by increasing the amount of the sample taken for
distillation. In order to meet this requirment an iron retort was
used. This was of similar construction as those used in our first
experiments except it was considerably larger and made of heavier
iron. The outlet tube of the cover was connected with the iron tube
of the combustion furnace so that in the distillations the gases
passed out of the retort into the iron tube and thence into the acid
flasks. Our idea in the connecting the retort with the iron tube was
to have the gases under the action of the superheated steam, the
temperature of which for the most favorable results we found to be
about 800°C. This could not be accomplished by means of the retort
alone or it would be impossible to raise its temperature to this
point before the gases were evolved. The retort was placed in a
fire-clay jacket and heated by means of a gasoline burner.
With this apparatus we next conducted experiments
using steam as an atmosphere. It was realized that with larger
amount of leather (100 gms) we would also have increase the time, as
the carbon residue, resulting after volatile matter of the leather
was driven off, was exceedingly difficult to decompose in a short
time. The results of distillations conducted with 100 grams of
leather are given below. The temperature of the tube was maintained
as nearly as possible at 800°0; the temperature of the retort was
gradually increased until 900 to 950°C was reached, which was the
highest heat we could get.
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Expt. No. Time $ of total N $ of N in € of N in
obtained as NH^ residue gases
37 1 hr. 60,02 26.20 18.1
38 11* 62.61 23.90 20.2
2
39 2 " 65.17 20.00 17.9
40 21 M 70.27 12.15 16.9
2
41 3 " 76.14 4.07 19.7
42 4 " 78.52 trace 22.0
42 4 " 79.02 M 21.5
From the table of results it is evident that about
20$ of the total nitrogen in the leather is lost during the dis-
tillation. The only reason which we can assign for this loss is
that part of the nitrogen is probably in combination in such a state
that when the leather is heated, nitrogen is evolved as one of its
decomposition products. This is characteristic of many organic com-
pounds containing nitrogen as one of the constituents. This loss of
approximately 20$ of nitrogen was also confirmed by an analysis of
the gases resulting from the distillation.
The next experiments were conducted with an atmosphere
of hydrochlonic acid gas and steam. It was thought that if the for-
mation of ammonia was brought about by a hydrolytic reaction, as was
suggested in one of our former experiments, an atmosphere of steam
and acid should theoretically cause the hydrolysis to be more complet
The results as given below seem to show that the presence of the acid
produces no effect.

tsxpt. no. Time Temp of
retort
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Temp of tube % of total nitrogen
obtained as ammonia
44 4 hrs. 900-950° 800 77.80
45 4 hrs. n 77.05
The slight differences between the results of yields with the steam
atmosphere, and with the steam and acid atmosphere, was probably due
to the formation of ammonium chloride which would undoubtedly condense
and lodge in the cooler part of the tube leading to the acid bottles.
in which the amount of leather taken was 100 grams, the time taken
to decompose the entire sample was from three to four hours. We at-
tempted distillations of the carbon residue with an atmosphere of
steam and air. The results, however, were about 20f>> lower than those
in which steam alone was used and the time for the distillation was
not shortened enough to warrant further experiments in this direction.
It will be noticed that in these latter experiments

23
SUMMARY.
About one-third of the total nitrogen is given off as
ammonia when the distillation gases are subjected to the action of
the evolved gases only.
When the leather is subjected to the action of a strong
reducing atmosphere of hydrog*»vthe yield is approximately 50$ of the
theoretical yield.
By subjecting the leather to distillation in the presence
of steam and then passing the gases over coke at a temperature of
800°C there is obtained 80$ of the total nitrogen as ammonia.
An atmosphere of superheated steam gave about 78$ of
the total nitrogen as ammonia. The gases were subjected to the
action of superheated steam by passing them thru a heated tube after
thoir liberation. An atmosphere of superheated steam and hydrochloric
acid gas gave results lower than steam alone.
In effecting the decomposition of the carbon residue
by a current of air and steam, the results are much lower than where
the entire sample is decomposed by steam.
By passing the gases with steam, or hydrogen, over iron
heated to 600°C, the yield is increased a few percent. We are unable
to state any general effect that iron produced atahigher temperature
The temperature required to expel practically all the
gases and give a yield of about 60$ of the total as ammonia is ap-
proximately 800°0.
The temperature required for the entire decomposition
of leather with an atmosphere of steam is from 900 to 950°.
As to the time, we are unable to state any general re-
sults otherwise than that the leather should be heated very slowly
S
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until all the volatile matter is expelled. We found that the most
gradual application of heat gave the best results in every case.
We may also state that the time depends upon the form of apparatus
and the amount of leather distilled.
In conclusion, we may state that the results which we
have obtained speak rather favorable for a process of this kind to
have some comraerical significance. There are no doubt other products
as oils, fats, alcohols, etc., resulting from the distillation of
leather, which may be of far greater importance than the ammonia.
That the subject is worthy of further investigation is, we believe,
beyond question.
»
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